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Synergies between Asteroseismology and
Exoplanetary Science
Daniel Huber
Abstract Over the past decade asteroseismology has become a powerful method
to systematically characterize host stars and dynamical architectures of exoplanet
systems. In this contribution I review current key synergies between asteroseismol-
ogy and exoplanetary science such as the precise determination of planet radii and
ages, the measurement of orbital eccentricities, stellar obliquities and their impact
on hot Jupiter formation theories, and the importance of asteroseismology on spec-
troscopic analyses of exoplanet hosts. I also give an outlook on future synergies
such as the characterization of sub-Neptune-size planets orbiting solar-type stars,
the study of planet populations orbiting evolved stars, and the determination of ages
of intermediate-mass stars hosting directly imaged planets.
1 Introduction: Know the star, know the planet
Exoplanetary science has undergone a revolution over the past two decades, driven
by ground-basedDoppler surveys and high-precision, space-based photometry from
missions such as CoRoT (Baglin et al., 2009) and Kepler (Borucki et al., 2010). At
the time of writing nearly 3500 confirmed exoplanets are known, and future space-
based missions such as TESS (Ricker et al., 2014) in combinationwith ground-based
efforts are expected to continue this revolution over the coming decades.
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The wealth of exoplanet discoveries has uncovered several important questions:
How did gas-giant planets in close-in orbits (hot Jupiters) form?What are the origin
and compositions of sub-Neptune-size planets, for which we have no equivalent in
the solar system? What are the occurrence rates of exoplanets as a function of their
size, mass, orbital architecture, as well as their host star spectral type and evolution-
ary state? Do habitable planets exist outside our solar system?
Our ability to answer these questions depends strongly on our understanding of
the host stars. This is primarily due to the fact that the majority of exoplanet detec-
tions are indirect—more than 98% of all exoplanets known to date were discovered
using transits, the Doppler method, or microlensing, all of which measure proper-
ties of planets relative to the host star. Thus, constraining the physical properties of
planets is often limited by the characterization of stars. Indeed, for 99% of all planet
candidates detected by Kepler the uncertainty in the planet radius is currently dom-
inated by the uncertainty in the radius of the host star. In addition to placing planet
properties on an absolute scale, host star characteristics are also crucial to under-
stand the planetary environments such as the extent of the habitable zone (Kane,
2014).
The requirement for continuous high-precision monitoring has enabled a fortu-
itous synergy between asteroseismology and exoplanetary science, since the data
can be simultaneously used to detect exoplanets and study stellar oscillations (see
Fig. 1). In this review I will discuss some key synergies between both fields, and
conclude with an outlook of what future synergies we can expect from current and
future ground- and space-based facilities such as SONG, K2, TESS, PLATO and
WFIRST.
2 Characterization of exoplanets
2.1 The connection between transits and mean stellar density
The primary observable for exoplanet transits is the transit depth1, ∆F , which for
the simplified case of a uniformly bright stellar disk is related to the size of the
planet (RP) and the size of the star (R⋆) as:
∆F =
(
RP
R⋆
)2
. (1)
Accurate measurements of RP/R⋆, however, are typically complicated by degen-
eracies between the transit depth, transit duration, impact parameter, limb darkening,
and the size of the star (see Fig. 2). For example, for fixed RP/R⋆ a larger impact
parameter will lead to a shallower transit (due to limb darkening) with shorter du-
1 The notation ∆F will be used hereafter to denote transit depth.
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Fig. 1 Kepler short-cadence light curve showing a single transit of Kepler-36c. The red solid line
is the transit model from Carter et al. (2012), and the inset shows the oscillations of the host star.
The transit depth δ yields the size of the planet relative to the star, and the oscillation periods (Posc)
can be used to independently measure the size of the star.
ration. The same transit duration and depth, however, could likewise be caused by a
smaller planet orbiting a smaller star with a lower impact parameter.
This degeneracy can be broken with independent knowledge of the host star den-
sity. Assuming RP ≪ R⋆ ≪ a (where a is the orbit semi-major axis) and circular
orbits, it can be shown that (Winn et al., 2010):
a
R⋆
=
2∆F1/4
pi
P√
t2T − t
2
F
. (2)
Here, P is the orbital period, tT is the total transit duration and tF is the transit
duration between ingress and egress, as illustrated in Fig. 2. Using Kepler’s third
law, a/R⋆ can be expressed as
a
R⋆
=
(
P2 G
4pi2
M⋆
R3⋆
)1/3
, (3)
and hence:
ρ⋆ =
3pi
GP2
(
a
R⋆
)3
. (4)
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Fig. 2 Schematic transit light curves (solid and dotted lines on the bottom) and corresponding star-
planet geometry (top). The four transit contact points are shown for both transits. The transit depth,
∆F , total transit duration, tT , and transit duration between ingress and egress, tF , are shown for the
solid transit light curve. Also defined is the impact parameter, b. From Seager & Malle´n-Ornelas
(2003).
The mean stellar density is therefore directly related to quantities which can be
measured from a transit light curve (Seager & Malle´n-Ornelas, 2003).
Equation (4) is of key importance for the synergy between asteroseismology
and exoplanetary science. Since asteroseismology measures the mean stellar den-
sity with a typical precision of a few percent or less, the combination of stellar
oscillations and transits can be used to remove degeneracies when fitting exoplanet
transits and accurately measure transit parameters. This is particularly important for
small planets with low-SNR transits, for which ingress and egress durations often
cannot be accurately measured and hence constraining a/R⋆ independently of ρ⋆ is
difficult.
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Fig. 3 Surface gravity versus effective temperature for exoplanet-host stars with asteroseismic
detections before (left panel) and after (right panel) the launch of Kepler/K2. Gray lines show
solar-metallicity evolutionary tracks from the BASTI database (Pietrinferni et al., 2004).
2.2 The importance of precise exoplanet radii
Precise host star radius measurements are important for understanding the com-
position of planets. Composition models depend sensitively on radius, especially
in the regime of sub-Neptune-size planets, and density measurements from transit
and Doppler surveys have indicated a threshold between mostly rocky and gaseous
planet compositions of ≈ 1.6R⊕ (Weiss & Marcy, 2014; Rogers, 2015). Uncer-
tainties in planet radii due to indirect stellar characterization methods, however,
have often led to ambiguities when interpreting exoplanet detections. For exam-
ple, the≈ 20% radius uncertainty for Kepler-452b prevented firm conclusions about
whether the planet, which orbits a G-type host star within the habitable zone, is in-
deed rocky (Jenkins et al., 2015).
Asteroseismology has provided some of the most precise characterizations of
exoplanets to date. The first asteroseismic studies of exoplanet-host stars were
performed using ground-based, radial-velocity observations of µ Ara (Bazot et al.,
2005; Bouchy et al., 2005), space-based photometry using the Hubble Space Tele-
scope of HD 17156 (Gilliland et al., 2011) and CoRoT photometry of HD 52265
(Ballot et al., 2011; Lebreton & Goupil, 2014). The launch of Kepler led to a rev-
olution in the synergy between asteroseismology and exoplanetary science, with
over 70 confirmed Kepler exoplanet-host stars (see Fig. 3). This large sample al-
lowed the first systematic precise characterization of planets in the Kepler sam-
ple (Huber et al., 2013a), including planet radii measured to ≈ 1% (Ballard et al.,
2014), as well as investigations of the effects of stellar incident flux on the radius
distribution of close-in planets (Lundkvist et al., 2016).
More recent studies have focused not only on measuring global asteroseismic
quantities (which are sensitive to densities, masses and radii) but also systematic
modeling of individual oscillation frequencies, which allows precise constraints
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on stellar ages (Silva Aguirre et al., 2015; Davies et al., 2016). One of the most
remarkable discoveries so far is Kepler-444, which consists of a K dwarf of age
11.2± 1.0Gyr hosting five sub-Earth-size planets with orbital periods of less than
10 days (Campante et al., 2015). Kepler-444 demonstrated that sub-Earth-size plan-
ets have existed for most of the history of our Universe, and the discovery of a
pair of low-mass companions in a highly eccentric orbit furthermore showed that
the formation of small planets appears to be robust against early truncation of the
protoplanetary disk (Dupuy et al., 2016).
3 Orbital eccentricities of exoplanets
Orbital eccentricities play a key role in many areas of exoplanetary science, ranging
from studies of the dynamics of multiplanet systems to the determination of the frac-
tion of time a planet spends within the habitable zone. Traditionally, eccentricities
can be measured through Doppler velocities, secondary transits, or transit-timing
variations. However, these methods are either only applicable for relatively large
gas-giant planets, or a small subset of multiplanet systems for which effects of ec-
centricity and mass can be successfully disentangled (e.g., Lithwick et al., 2012;
Hadden & Lithwick, 2014).
The combination of transit photometry and asteroseismology has opened up a
powerful method to systematically measure orbital eccentricities of transiting plan-
ets. Since the eccentricity and orientation of the orbit to the observer control the
transit duration (see Fig. 4), the ratio of the mean stellar density assuming a circular
orbit (Eq 4) and true mean stellar density are related as (e.g., Kipping, 2010):
ρ⋆
ρ⋆,transit
=
(1− e2)3/2
(1+ esinω)3
. (5)
Here, e is the eccentricity and ω is the argument of periastron. Equations (4) and
(5) demonstrate that if an independent measurement of ρ⋆ is available (for example,
from asteroseismology), transits can be used to directly constrain the eccentricity of
a planet without radial-velocity observations. Importantly, an accurate measurement
of ρ⋆,transit requires an accurate estimate of the ingress and egress times.
The first systematic study of eccentricities using asteroseismic densities concen-
trated on the identification of false positives in the Kepler planet candidate sample
by comparing ρ⋆ and ρ⋆,transit, yielding a significantly higher false-positive rate for
red-giant-host stars (Sliski & Kipping, 2014). A subsequent study by Van Eylen & Albrecht
(2015) focused on 28 multiplanet systems, which are expected to have a small false-
positive rate (Lissauer et al., 2012). Figure 5 shows a histogram of the derived ra-
tios between transit and seismic density (left hand side of Eq. 5) for their sam-
ple compared to the solar system and a sample of planets with eccentricities from
radial-velocity surveys. The asteroseismic sample (red solid line) is consistent with
circular orbits, similar to the solar system (blue dashed histogram), but in stark con-
trast to the radial-velocity sample (black dashed line). Since Kepler multiplanet sys-
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Fig. 4 Planetary orbit of eccentricity 0.6 with two different angles of periastron (top panels) and the
corresponding observed transits (bottom panels). Red and blue colors correspond to the fast and
slow part of the orbit, respectively. Observed transit durations are longer (left panels) or shorter
(right panels) compared to circular orbits (gray) depending on the eccentricity and argument of
periastron of the orbit. From Van Eylen & Albrecht (2015).
tems include mostly small, low-mass planets compared to the more massive planets
probed by Doppler surveys, this indicates that low-mass planets are preferentially
on circular orbits. This conclusion is of great importance since circular orbits are
frequently assumed when modeling exoplanets in the habitable zone (Barclay et al.,
2013; Borucki et al., 2013; Quintana et al., 2014; Jenkins et al., 2015) or when esti-
mating the detection completeness for planet occurrence studies (e.g., Howard et al.,
2012; Dong & Zhu, 2013; Petigura et al., 2013; Burke et al., 2015).
Expanding such studies holds promise to further constrain the dynamics of exo-
planet systems using asteroseismology. For example, Xie et al. (2016) recently used
stellar densities derived from spectroscopy to show that while multiplanet systems
are indeed preferentially circular, single systems appear to show significantly higher
eccentricities even for small (sub-Neptune-size) planets. Asteroseismic studies of
systems with single planets would be valuable to independently confirm this result
with a smaller, but higher precision sample.
Transiting exoplanets for which the eccentricity can be measured independently
(for example through radial velocities) can also be used as an independent test of
asteroseismic densities calculated from the scaling relation for the large frequency
separation (∆ν). This is particularly valuable since the ∆ν scaling relation has found
widespread use for calculating stellar properties for thousands of stars in the era of
“ensemble asteroseismology” (Kallinger et al., 2010; Chaplin et al., 2014). Figure
6 shows a comparison of the mean stellar density calculated from the ∆ν scal-
ing relation and from dynamically measured densities from double-lined eclipsing
binaries (Frandsen et al., 2013; Gaulme et al., 2016), interferometric orbits (Pro-
cyon and α CenA+B; see Bruntt et al., 2010, and references therein), as well as
transiting exoplanets with known eccentricities: HD 17156 (Gilliland et al., 2011;
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Fig. 5 Ratio of the asteroseismic mean stellar density and the density measured from transits as-
suming a circular orbit for 28 Kepler multiplanet host stars (gray). Corresponding distributions of
solar system planets and planets detected by radial-velocity surveys are shown as blue and black
dashed histograms, respectively. From Van Eylen & Albrecht (2015).
Nutzman et al., 2011), TrES-2 (Southworth, 2011; Barclay et al., 2012), HAT-P-7
(Christensen-Dalsgaard et al., 2010; Southworth, 2011), and Kepler-14 (Southworth,
2012; Huber et al., 2013a). Transit-derived densities account for more than half of
the currently available comparison values for subgiant and main-sequence stars, and
empirically demonstrate that the ∆ν scaling relation is accurate to about≈ 3% (see
also Huber, 2015a).
4 Obliquities of exoplanet systems
The obliquity ψ is the angle between the host star rotation axis and the planetary
orbital axis, and can be calculated as (Fabrycky & Winn, 2009):
cosψ = sin i⋆ cosλ sin ip+ cos i⋆ cos ip . (6)
Here, λ is the sky-projected spin-orbit angle, ip is the angle between the line of sight
and the orbital axis of the planet, and i⋆ is the inclination of the rotation axis to the
line of sight of the observer. Figure 7 shows a graphical illustration of these angles
for the HAT-P-7 system following Lund et al. (2014).
For transiting exoplanets, ip can be typically constrained from the transit light
curve, while λ can be measured through spectroscopic in-transit observations (the
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Fig. 6 Comparison of the mean stellar density from independent methods and as calculated from
the asteroseismic scaling relation for the large frequency separation (∆ν). Transit-derived densities
account for more than half of the comparison values for subgiant and main-sequence stars.
Rossiter–McLaughlin effect). Asteroseismic observations of the relative heights of
rotationally split multiplets can be used to provide the measurement of the line-of-
sight inclination of the stellar rotation i⋆ (Gizon & Solanki, 2003). Thus, the combi-
nation of transits, Doppler velocities, and asteroseismology allow to uniquely mea-
sure the obliquity of exoplanet systems (Benomar et al., 2014; Lund et al., 2014).
Importantly, the measurement of i⋆ using asteroseismology is independent of planet
size, and hence can be used to constrain the obliquity even for systems with small
planets in which Rossiter–McLaughlin measurements are typically not feasible. For
transiting planets, a low stellar inclination in most cases automatically yields a mis-
alignment of the orbital plane and the stellar equatorial plane (a high obliquity),
while a value of near 90◦ for i⋆ implies that the star and the planets are likely (but
not necessarily) aligned.
Obliquities have played a key role in constraining the formation mechanism
for hot Jupiters, one of the longest standing problems in exoplanetary science.
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Fig. 7 Graphical illustration of the obliquity ψ , the sky-projected spin-orbit angle λ , the line-of-
sight stellar inclination i⋆, and the line-of-sight orbit inclination ip. Note that the top panel shows
λ = 155◦, while the middle panel shows λ = 180◦ . From Lund et al. (2014).
Hot Jupiters are typically thought to form at large orbital distances beyond the
snow line, and subsequently migrate to the close-in orbits where they are currently
observed (although in-situ formation has also been suggested; see Batygin et al.,
2016). Two possible mechanisms have been proposed: migration of the planet
through the protoplanetary disk (Lin et al., 1996) or dynamical perturbations such
Synergies between Asteroseismology and Exoplanetary Science 11
Fig. 8 Projected obliquity (left ordinate) and stellar inclination (right ordinate) versus relative
tidal dissipation timescale for exoplanet systems. Systems with short dissipation timescales are
expected to have been realigned even if they were misaligned by the formation process, while
systems with long dissipation timescales are expected to preserve their configuration. Multiplanet
systems without hot Jupiters are highlighted by red circles, and systems with inclinations measured
using asteroseismology are highlighted with green squares. Positions for Kepler-56, Kepler-410
and Kepler-432 are approximate only. Adapted from Albrecht et al. (2013).
as planet-planet scattering (Chatterjee et al., 2008) or Kozai–Lidov oscillations
(Fabrycky & Tremaine, 2007) which cause the planet to attain a high orbital ec-
centricity, followed by shrinking and circularization of the orbit through tidal inter-
actions (often referred to as high-eccentricity migration).
The observation that hot Jupiters show a wide range of obliquities (Johnson et al.,
2009; Winn et al., 2010) has been interpreted as evidence for a dynamically violent
formation scenario, thus favoring high-eccentricity migration as the dominant for-
mation mechanism. However, this conclusion relies on the assumption that the stel-
lar equator and the protoplanetary disk are initially aligned, and thus that the high
obliquity observed today is indeed a consequence of dynamical interactions during
the migration process. Key tests for this assumption are multiplanet systems which,
if primordial alignments are common, should predominantly show low obliquities.
Asteroseismology has played an important role for testing this assumption since
seismic inclination measurements are independent of planet size, and hence can
be applied to multiplanet systems with small planets. Figure 8 shows the pro-
jected obliquity or stellar inclination for exoplanet systems as a function of relative
tidal dissipation timescale, which is a proxy for how quickly a system can be re-
aligned by tidal interactions if it was initially misaligned by the formation process
(Albrecht et al., 2012). In line with expectations from high-eccentricity migration,
hot-Jupiter systems with intermediate dissipation timescales are frequently observed
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to have high obliquities, while coplanar multiplanet systems without hot Jupiters
have mostly low obliquities (e.g., Sanchis-Ojeda et al., 2013) despite long tidal dis-
sipation timescales. Over half of the constraints for multiplanet systems come from
asteroseismology (Chaplin et al., 2013; Van Eylen et al., 2014; Quinn et al., 2015).
Asteroseismology has also yielded the first intriguing counterexample for the
observed trend of well-aligned multiplanet systems. Kepler-56, a red giant host-
ing two transiting planets confirmed through transit-timing variations (Steffen et al.,
2012), revealed an inclination of i⋆ = 47
◦± 6◦, demonstrating the first spin-orbit
misalignment in a multiplanet system (Huber et al., 2013b). Subsequent follow-up
studies have confirmed that the misalignment is likely caused by the torque of a third
planet on a wide orbit (Li et al., 2014; Otor et al., 2016; Gratia & Fabrycky, 2017),
and that such a configuration could be consistent with a primordial misalignment
(Matsakos & Ko¨nigl, 2017). Future asteroseismic inclination measurements will be
needed to determine whether spin-orbit misalignments in multiplanet systems are
common, and whether high obliquities are indeed tracers of dynamical formation
history of hot Jupiters.
5 Chemical abundances of exoplanet-host stars
Chemical abundances of exoplanet-host stars are tracers of the primordial composi-
tion of protoplanetary disks, and hence provide valuable clues about which condi-
tions favor planet formation. For example, it is well established that gas-giant plan-
ets predominantly form around metal-rich stars (Gonzalez, 1997; Fischer & Valenti,
2005), whereas small planets form independently of host star metallicity (Buchhave et al.,
2012). Going beyond metallicities, intriguing abundance differences in volatile
and refractory elements between the Sun and solar twins with and without plan-
ets have been observed (Mele´ndez et al., 2009; Ramı´rez et al., 2009), although the
link of these patterns to terrestrial planet formation is still being debated (e.g.,
Adibekyan et al., 2014).
Asteroseismology does not directly probe atmospheric abundances, but the com-
bination of asteroseismology and spectroscopy can significantly improve our un-
derstanding of host star compositions. This is mainly due to the fact that bulk at-
mospheric parameters (Teff, logg, [Fe/H], microturbulence) are often heavily corre-
lated, which can lead to systematic errors in particular for spectral synthesis methods
(Torres et al., 2012; Huber et al., 2013a), while spectral line analysis methods are
typically less affected (Mortier et al., 2014). Recent efforts have shown that using
logg from asteroseismology to inform spectroscopic modeling methods can signifi-
cantly increase the accuracy of spectroscopic surface gravities without external con-
straints (see Fig. 9), thus also leading to more accurate abundances. Using stars with
asteroseismology (ideally in combination with interferometry, which also yields an
external constraint on Teff) as spectroscopic benchmarks promises to extend high-
precision abundance work from solar twins to stars in different evolutionary states.
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Fig. 9 Difference between asteroseismic and spectroscopic surface gravities before (red) and af-
ter (blue) improving the spectroscopic modeling procedure based on asteroseismic constraints on
surface gravity. From Brewer et al. (2015).
6 Future prospects
The asteroseismology revolution initiated by CoRoT and Kepler is set to continue
over the coming decades with the launch of TESS (Ricker et al., 2014), PLATO
(Rauer et al., 2014) and WFIRST (Spergel et al., 2013). Each of these missions will
provide high-precision, space-based photometry suitable for asteroseismology, with
the expected number of detections of solar-like oscillations exceeding several mil-
lion stars (see Fig. 10). Combined with ground-based efforts such as the SONG
network (Grundahl et al., 2008), the key synergies between asteroseismology and
exoplanet science are expected to be:
• Densities and ages of sub-Neptune-size planets transiting asteroseismic solar-
type stars: In addition to TESS, ground-based radial velocities obtained by
SONG will play an important role in characterizing stars hosting small exoplan-
ets using asteroseismology. Such systems will provide the best opportunity to
precisely study the composition diversity of sub-Neptunes by constraining host
star radii and masses to a few percent. Importantly,Gaia parallaxes alone will not
reach comparable precision due to model-dependent uncertainties such as bolo-
metric corrections and reddening. The asteroseismology-exoplanet synergy is a
core component of the PLATO mission, which will extend the reach of astero-
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Fig. 10 Number of stars with detected solar-like oscillations as a function of time. The approx-
imate projected yield for current and future missions is 5× 104 for K2 (based on extrapolating
classifications by Huber et al., 2016), 3×105 for TESS (assuming detections in all red-clump stars
down to I ≈ 10mag with 27 days of data), 2×105 for PLATO (assuming a similar red-giant frac-
tion to Kepler), and 106 for WFIRST (Gould et al., 2015). Note that > 90% of all detections are
expected to be evolved stars, and PLATO will by far contribute the most detections for dwarfs and
subgiants (≈ 80,000 stars; Rauer et al., 2014).
seismology to characterize radii, masses and ages of solar-type stars with small,
transiting planets in the habitable zone.
• Gas-giant planets orbiting asteroseismic evolved stars: Evolved stars provide
an evolutionary “sweet spot” in which light curves with moderate cadence (such
as the 30-minute sampling provided by Kepler/K2 long-cadence data) can be
used to detect transits and stellar oscillations simultaneously. Detections by Ke-
pler and the “Giants Orbiting Giants Program” with the K2 Mission (see Fig. 11;
Huber, 2015b) have demonstrated that these planets can be used to address key
questions in exoplanetary science such as the effects of host star evolution on the
radius inflation of hot Jupiters (Grunblatt et al., 2016). A particularly promising
possibility to extend this synergy are full-frame images obtained by the TESS
mission, which are expected to yield several hundred asteroseismic exoplanet-
host stars (Campante et al., 2016). Preliminary simulations have shown that low-
luminosity RGB stars in the ecliptic poles with 1 year coverage can also be used
to measure rotational splittings, and hence extend the study of exoplanet obliqui-
ties of systems similar to Kepler-56 (see Sect. 4).
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Fig. 11 Mass versus orbital period for exoplanets orbiting evolved stars (R⋆ > 3.5R⊙, Teff <
5500K) detected with transits (red symbols) and radial velocities (blue triangles). Transiting sys-
tems are restricted to stars which are precisely characterized using asteroseismology. The dashed
line shows the median RV detection limit for mean masses given by Bowler et al. (2010). The
dashed-dotted line marks the mass of Neptune as an approximate K2 detection limit (RP & 0.5RJ),
and the gray shaded area is probed by the K2 “Giants Orbiting Giants Program”. Adapted from
Huber (2015b).
• Planets orbiting pulsating A stars: Near-diffraction-limited, infrared adaptive-
optics imaging instruments such as GPI (Macintosh et al., 2008), SPHERE (Beuzit et al.,
2008) and SCExAO (Guyon et al., 2010) will soon provide an increasing num-
ber of directly imaged planets orbiting young stars, including pulsating A stars
such as HR 8799 (Zerbi et al., 1999; Marois et al., 2008). A common limitation
for interpreting these discoveries is their unknown age, which is needed to deter-
mine whether the detected substellar companions are indeed planets. While mode
identification in δ Scuti and γ Doradus stars is still challenging, the extension of
the asteroseismology-exoplanet synergy to these systems will undoubtably be-
come more important over the coming decades. Extended photometric monitor-
ing provided over several years by PLATO may also provide future opportunities
to detect planets in wide orbits around A stars using pulsation frequency shifts
induced by the planet (Murphy et al., 2016).
The above list is by no means complete, and further synergies beyond those dis-
cussed here will certainly be explored. With the wealth of data from ground-based
and space-based facilities there is little doubt that the exciting and fruitful synergy
16 Daniel Huber
between asteroseismology and exoplanetary science will continue to grow over the
coming decades.
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